Abstract. In this article we launch a low cost design of an embedded portable system to measure the height of a vertical jump through contact platforms. The "SALTOMETRO" , name given to the embedded system, can measure up to 32s of flight time with a resolution of 500µs, can calculate the vertical jump height and show it in a liquid crystal display (LCD) in less than 2s. "SALTOMETRO" consists of a microcontroller that operates in a 1MHz frequency, a LCD, a Li-Ion battery, a conditioning signal stage for passive or active circuits whit normally open (NO) or normally closed (NC) switches or signals and can use any type of contact platform, either commercial or made in laboratory does not require of a computer for its operation and the lithium ion battery (Li-Ion)of 1200 mA/h can last up to one week without recharge with an approximate use of 3 hours per day. The cost of construction is below $35 dollars.
Introduction
To evaluate the anaerobic power there are several of tests. These have been classified into direct and indirect, as well as of field and of laboratory [1] .Measuring the height of a vertical jump is an indirect methodology applied in the laboratory, while in field, there are a great amount of studies that evaluate the effects of different training programs [2] ; there are also studies that compare the leaps of athletes of different sports [3] , or studies that appraise different level of performance in one kind of sport [4, 5] , and some that relate the physical condition with health [6, 7] .
The three basic methodologies to measure the height of the vertical jump [8, 9] are:
Numerical integration: Considered as the direct or reference method, it obtains the height of the leap, by the use of strength platforms. Mark differentiation: It makes use of non-standardized mechanisms to realize marks with parts of the body, making it difficult to compare the results between different tests that use this methodology because they depend of the part of the body that is marked [10] . Time of flight: It requires the use of mechanical contact platforms [11] or optoelectronic ones [2] .
The time of flight and the mark differentiation are the most utilized laboratory and field methods because these require simpler, cheaper and easy to acquire material [10, 12] . The main advantage of time of flight over the mark differentiation is that it gives a more objective measure of the height of the leap [10] , in addition, it is a more valid and reliable procedure [12] and its use is part of the many scientific methodology studies [2, 7, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ; although, various works have evidenced that this method systematically registers more height of leap than the one acquired by numerical integration because of the extension in the landing that the angles of the ankle, knee and hip present [26] [27] [28] .
In the market, we can find opto-electronic systems parallel to the ground to measure the time of flight such as Photocell Contact Mat, the Jump Bosco Infrared System [29] and the SportJump System Pro [8] . Contact platform systems such asthe Ergo Jump Bosco/System [30] , the Tapewitch Signal Mat, Model CVP 1723 (Mijares and colaborators., 1995); DIGITIME 1000 [31] and the CHRONOJUMP Boscosystem. All the systems, except for DIGITIME 1000, Tapewitch Signal Mat and Ergo Jump Bosco System require a computer to measure and capture the time and have not been validated, with the exception of Photocell Contact Mat and CHRONOJUMP Boscosystem [9] .
The study of anaerobic power by the test that measures the height of the leap has proven to be the most used methodology by the scientific community, but there is a small variety of equipment to measure it. Their difficult accessibility, cost, validation and portability, has made the data difficult to compare with their homologous around the world, shortening the possible impact that these could have as a collective knowledge; this is why, the objective of this work is to design an embedded portable system for the measurement of the height of the vertical jump using the methodology of flight time through a contact platform that does not require a computer for its functioning; that it would be easy to make with a low cost; that can use the contact and optics platforms from different commercial or own systems; that it would also be validated and certified by calibrated equipment, achieving a better level of certainty and confidence in the measures realized; and finally, that the time that contact platforms underestimate will become a constant that can be eliminated out of the equation so researchers in all over the world can compare the obtained results.
Meterials and Methods

Mathematical aspects
In a high jump, the behavior of the gravity center of a person works as a projectile thrown with determined angle, or in the best case scenario as a vertical shaft. The elevation of the gravity center of the test subject corresponds to the height of the jump, which depends on the vertical speed of the takeoff V 0 ; in other words, H max = V To simplify the calculation, the computational cost and to achieve that the device does not have accelerometers or force platforms, we can see that when the center of mass arrives to the maximum height, its velocity is equal to cero so in that moment it behaves likes a free falling object [33] . Then the vertical movement H = g * t 2 f all /2; where g = 981cm/s 2 and tfall is the time from the maximum height until it touches the ground (time of fall). If we measure the time of flight that is the double of the time of fall, then the calculation of the maximum height reduces to:
Development of the system's hardware
The first stage of the SALTOMETRO is the conditioning of signals of active, passive, normally open (NO) or normally close (NC) sensors. Most of the sensors in the market have plug stereo connectors or RCA, but in this case a jack stereo connection was used because of its size, making this a design parameter. After the entry there is a DPDT switch (Sw1), which is connected to an opto-coupler TLP521-1 (IC1) through a diode (D1). The objective of IC1 is adapting the signal that comes from the sensor, independently if it's active, passive, NO or NC and it does not provide protection or isolation of voltage to the microcontroller ATTINY2313 (IC2) because the sources of voltage are the same ones.
The Sw1 switch selects if the type of sensor is NO or NC (please note the form of activating the opto-coupler) while the diode D1 works to avoid that the active sensors inject the current to light up the led and send false alarms. In the transistor's collector output of IC1 there is a resistance of 15kΩ next to a C1 capacitor to land of 10µF to form a down pass filter of 150ms time charge to avoid noise from the hardware into the measurement of jumps below 2.76cm. Once the signal is filtered, it is sent to the microcontroller (IC2) in a pin for monitoring external interruptions (PD2) and the processing of the measurement is sent to a LCD device to show an alphanumerical result. Finally, a pulse button (Sw2) is placed to start a new measurement when the operator requires it. Observe the Fig. 2 
Development of the system's software
The SALTOMETRO software is coded in C language and is divided in the following subprograms: Main, Monitor and timer. The "Main subprogram" is in charge of configuring the microcontroller with the side of the interruption pin in flank of ascent and the timer countdown each 500µs, as well as, initiating the variables of control, height and time. Once the machine is configured, the microcontroller will wait for the timer and interruption events. The Monitor routine is in charge of verifying the interruption pin to know if the person is located on the platform or in flight; stopping the TIMER routine; calculating the height of the jump and showing the result in the LCD. Finally, the Timer function is in charge of counting the machine cycles, generating interruptions each 500µs. Observe the Fig. 3 of the flowchart. 
Instruments
Contact platform A contact platform with metallic strips was used and assembled with gymnasium wooden floor so it could soften the fall after the jump. The contact detection area is 0.90m 2 and the method of detection is by aperture and/or closure of the metallic strips while the contact of feet occurs. The methodology used for the construction of the contact platform is that recommended by CHRONOJUMP Boscosystem [32] . 
Experimental design
The experiment consists of 2 phases:
1. The objective of the first phrase is to determine the linearity, exactitude and precision of the device in an interval from 200ms to 1500ms that corresponds to the jumps of heights from 4.9cm to 278.85cm. To achieve this, the AFG3101 digital signal generator is programmed with a squared signal of 5v amplitude and a variable width of pulse in the proposed rank; the sequence is repeated 10 times and the calculations of height and times are registered by the SALTOMETRO; meanwhile, with the TS2014B oscilloscope, which is connected in a parallel with the device and the signal generator, we register each event and verify the width of pulse and the type of wave delivered by AFG3101. 2. The second phase has the objective of observing the signal of response of the contact of platform when connected to the SALTOMETRO, if it has rebounds, added delays by the coupling stage, and in consequence, the device's errors while measuring the time of flight and calculating the height of the jump. For this, the contact platform is connected to the SALTOMETRO in parallel with the TS2014B oscilloscope, the execution sequence is made and every event is registered.
Results
Ten events were registered in each interval for the filling of table 1, as explained next. In the first column, we can find the time of flight in ms generated artificially by the AFG3101 signal generator. The second column shows the average in ms of the 10 events in each registered interval and shown by the SALTOMETRO.
In the third column, the standard deviation of the previous column is shown. The fourth column shows the calculations of the real height due to the times of flight generated in column 1. In the fifth column, the average of time calculated by the SALTOMETRO with only one decimal digit is shown. Finally, in column 6, the magnitude of error due to the difference between the real height and the average of calculated heights is shown by the SALTOMETRO. To know in detail the characteristics of precision, exactitude and linearity of the device, the measurements of central tendency and deviation or separation of the data related to their arithmetic average are shown. In table 1 we can observe that the average of standard deviation of time of flight in all the rank of measurements is 0.431 ms and that the error average in the calculation of the height is barely 0.0261 cm. Fig. 4 shows the correlation of the registered data with the generated ones and the tendency line in all the rank of time. Figure 5 shows the SALTOMETRO device and its two contact platforms made with floor for gym.
Discusion
In this research we present the design of a portable embedded system for the measurement of the high jump with the flight time methodology through contact platforms with a stage of signal conditioning that allows the use of contact platforms and optics from different commercial systems and can be built by people with few electronic abilities and with an approximate cost of $35 US dollars. The system shows linearity in the rank between 200ms and 1500ms and shows equivalency to an interval of heights from 4.9cm to 275.85cm. The obtained results show that the device is exact, precise and linear with an average standard deviation of 0.431ms for the time of flight and an average error in the calculation of height of 261µm due to the round out to one decimal number. The SALTOMETRO is not the best device that is offered in the marked because it does not offer connection of any type to a computer; nevertheless, some of its best stand out qualities are: the size and its portability (11x7x2.5cm and 60g); its battery lifetime, low cost, and its automatic calculation and visualization of the flight height in LCD. In addition, with the performed researches made with certified equipment, linearity, exactitude, precision and recurrence of the device can be guaranteed; people that use this device will be able to compare their results with certainty because the errors or discrepancies will be due only to the method and not the equipment.
